Abstract. The cooling system of an Automobile plays an important role in its performance, consists of two main parts, known as radiator and fan. Improving thermal efficiency of engine leads to increase the engine's performance, decline the fuel consumption and decrease the pollution emissions. Water and ethylene glycol as conventional coolants have been widely used in radiators of an automotive industry for many years. These heat transfer fluids offer low thermal conductivity. With the advancement of nanotechnology, the new generation of heat transfer fluids called, "nanofluids" have been developed and researchers found that these fluids offer higher thermal conductivity compared to that of conventional coolants. This study focused on the preparation of Zinc based nanofluids (ZnFe2O4) using chemical co-precipitation method and its application in an automotive cooling system along with mixture of ethylene glycol and water (50:50). Relevant input data, nanofluids properties and empirical correlations were obtained from literatures to investigate the heat transfer enhancement of an automotive car radiator operated with nano fluid-based coolants. It was observed that, overall heat transfer coefficient and heat transfer rate in engine cooling system increased with the usage of nanofluids (with ethylene glycol the base-fluid) compared to ethylene glycol (i.e. basefluid) alone. It is observed that, about 78% of heat transfer enhancement could be achieved with the addition of 1% ZnFe2O4 particles in a base fluid at the Reynolds number of 84.4x10 3 and 39.5x10 3 for air and coolant respectively
Introduction
Continuous technological development in automotive industries has increased the demand for high efficiency engines. A high efficiency engine is not only based on its performance but also for better fuel economy and less emission. There are many systems which influence the engine performance like fuel ignition system, emission system, cooling system, etc. one of the parameters which affects the performance of engine is the cooling rate of radiator in engine cooling system. Addition of fins is one of the approaches to increase the heat transfer rate of the radiator. It provides greater heat transfer area and enhances the air convective heat transfer coefficient. However, traditional approach of increasing the cooling rate by using fins has already reached to their limit [1] . As a result, there is a need of new and innovative heat transfer fluids for improving heat transfer rate in an automotive car radiator. In addition, heat transfer fluids at air and fluid side such as water and ethylene glycol exhibit very low thermal conductivity. With the advancement of nanotechnology, the new generation of heat transfer fluids called, "Nanofluids" have been developed and researchers found that these fluids offer higher thermal conductivity compared to that of conventional coolants. Nanofluids seem to be potential replacement of conventional coolants in engine cooling system. Recently there have been researches finding which highlights superior heat transfer performances of Nanofluids. It can be applied in many devices for better performances (i.e. energy, heat transfer and other performances). Nanofluids are formed by suspending metallic or non-metallic oxide nano-particles in traditional heat transfer fluids. This newly introduced category of cooling fluids containing ultrafine nanoparticles (1-100 nm) has displayed interesting behavior during experiments including increased thermal conductivity and improved heat transfer coefficient compared to a pure fluid. The use of nano-fluid as coolants will leads to smaller size and better positioning of the radiators. It also increases the efficiency of the system with less amount of fluid.
It results that coolant pumps could be shrunk and engines could be operated at higher temperatures. These novel and advanced concepts of coolants offer exciting heat transfer characteristics compared to conventional coolants. Yu et al., [2] reported that about 15-40% of heat transfer enhancement can be achieved by using various types of Nanofluids. This translates into a better aerodynamic feature for design of an automotive car frontal area. Coefficient of drag can be minimized and fuel efficiency can be improved. Choi [3] reported a project to target fuel savings for the automotive industries through the development of energy efficient nanofluids and smaller and lighter radiators. A major goal of the nano-fluid project was to reduce the size and weight of the vehicle cooling systems by greater than 10% regardless of the cooling demands of higher power engines. Nanofluids enable the potential to allow higher temperature coolants and higher heat rejection in the automotive engines. A higher temperature radiator could reduce the radiator size approximately 30%. This translates into reduced aerodynamic drag, fluid pumping and fan requirements, leading to possibly a 10% fuel savings. In addition, heat transfer fluids at air and fluid side such as water, ethylene glycol and mixture of ethylene glycol + water (50:50) combination exhibit very low thermal conductivity. As a result there is a need for new and innovative heat transfer fluids for improving heat transfer rate in an automobile radiator. Nanofluids seem to be potential replacement of conventional coolants in engine cooling system. Recently there have been considerable research findings highlighting superior heat transfer performances of nanofluids. Yu et al., [2] reported that about 15-40% of heat transfer enhancement can be achieved by using various types of nanofluids. With these superior characteristics, the size and weight of an automotive car radiator can be reduced without affecting its heat transfer performance. This translates into a better aerodynamic feature for design of an automotive car frontal area. Coefficient of drag can be minimized and fuel consumption efficiency can be improved.
Therefore, this study attempts to investigate the heat transfer characteristics of an automobile radiator using mixture of ethylene glycol + water (50:50) combination based ZnFe 2 O 4 nanofluids as coolants. Thermal performance of an automobile radiator operated with nanofluids is compared with a radiator using conventional coolants. The effect of volume fraction of the ZnFe2O4 nano-particles with base fluids on the thermal performance and potential size reduction of a radiator were also carried out. ZnFe 2 O 4 nano-particles were chosen in this study.
Literature Review on Radiator of heat transfer using coolant and Nano-fluid
The automotive industry is continuously involved in strong competitive aspects (performance, fuel consumption, aesthetics, safety, etc.). The air-cooled heat exchangers found in a vehicle (radiator, AC condenser and evaporator, charge air cooler, etc.) has an important role in its weight and also in the design of its front-end module, which also has a strong impact on the car aerodynamic behavior. Looking at these challenges, an optimization process is mandatory to obtain the best design compromise between performance, size/shape and weight. In looking for ways to improve the aerodynamic designs of vehicles, and subsequently the fuel economy, manufacturers must reduce the amount of energy needed to overcome wind resistance on the road. At high speeds, approximately 65% of the total energy output from a truck is expended in overcoming the aerodynamic drag. This fact is partly due to the large radiator in front of the engine positioned to maximize the cooling effect of oncoming air. The use of nanofluids as coolants would allow for smaller size and better positioning of the radiators. Leong et al. [4] attempted to investigate the heat transfer characteristics of an automotive car radiator using ethylene glycol based copper nano-fluid numerically. Thermal performance of an automotive car radiator operated with nano-fluid has been compared with a radiator using conventional coolants. Vajjha et al. [5] have been numerically studied a three-dimensional laminar fow and heat transfer with two different nanofluid, Al 2 O 3 and CuO, in the ethylene glycol/water mixture circulating through the fat tubes of an automobile radiator to evaluate their superiority over the base fluid. Convective heat transfer coefficient along the fat tubes with the nanofluid fow showed considerable improvement over the base fluid.
Eastman et al. [6] observed that the thermal conductivity of ethylene glycol nanofluids containing 0.3% volume fraction of copper particles can be enhanced up to 40% compared to that of ethylene glycol base-fluid. Hwang et al. [5] established that thermal conductivity of the nanofluids depends on the volume fraction of particles and thermal conductivity of basefluid and particles. Peyghambarzadeh et al. [7] have recently investigated the application of Al O /water nanofluids in the car radiator by calculating the tube side heat transfer coefficient. They have recorded the interesting enhancement of 45% comparing with the pure water application under highly turbulent condition. In the other study, Peyghambarzadeh et al. [8] have used different base fluids including pure water, pure ethylene glycol, and their binary mixtures with Al 2 O 3 nanoparticles and once again it was proved that nanofluids improves the cooling performance of the car radiator extensively.
Lee et al. [9] calculated the thermal conductivity of low volume concentration of aqueous alumina (Al 2 O 3 ) nanofluids produced by two-step method. Authors inferred that the thermal conductivity of aqueous nanofluids increases linearly with the addition of alumina particles. Thermal conductivity of zinc dioxide ethylene glycol (ZnFe 2 O 4 +EG) based nanofluids was investigated by Yu et al. [2] . They obtained about 26.5% enhancement of thermal conductivity by adding 5% volume fraction of zinc dioxide nanoparticles in ethylene glycol. Present study concluded that size of nanoparticles and viscosity of the nanofluids played a vital role in thermal conductivity enhancement ratio of them.
Naraki et al. [10] found that thermal conductivity of CuO/water nanofluids much higher than that of base fluid water. He found that the overall heat transfer coefficient increases with the enhancement in the nanofluid concentration from 0 to 0.4 vol. %. Conversely, the implementation of nanofluid increases the overall heat transfer coefficient up to 8% at nanofluid concentration of 0.4 vol. % in comparison with the base fluid.
Argonne researchers, Singh et al. [11] , have determined that the use of high-thermal conductive nanofluid in radiators can lead to a reduction in the frontal area of the radiator by up to 10%. This reduction in aerodynamic drag can lead to a fuel savings of up to 01003-p.2 ICMME 2015 5%. The application of nano-fluid also contributed to a reduction of friction and wear, reducing parasitic losses, operation of components such as pumps and compressors, and subsequently leading to more than 6% fuel savings. . Two K type thermocouples were implemented on the flow line to record the radiator inlet and outlet temperature. Two thermocouples K types are installed in the radiator to measure the wall temperature of the radiator.
Experimental test rig and procedure

Experimental test rig
Experimental Procedure
The analysis on radiator specification and condition of the fluids shown in table 1 and 2. How ever nano particle volume fraction air Reynolds number and mass flow rate of the coolant flowing though radiator were varied in order to determine the thermal performance of the radiator using nanofluids. The procedures of each analysis are explained below. a) Influence of the volume fraction of ZnFe 2 O 4 nanoparticles on the thermal performance of an automobile radiator. In the study air Reynolds number and mass flow rate of the coolant were kept fixed at 84. 
Mathematical formulation of mixture of water +ethylene glycol based CuFe2O4 nanofluids in an automobile radiator
Mathematical correlation shown in this section is taken from the references [12, 13 & 14] . In this paper a comparison is made between the heat transfer performance of radiator by operating with mixture of ethylene glycol, water and nanofluid coolants. It highlighted not only the influence of nanofluids but also volume fraction of CuFe 2 O 2 nanoparticles to the heat transfer rate of a radiator. Described equations are being incorporated to aid the comparison. The characteristics of nanoparticles and base fluid used in this study are summarized in Table 2 . The necessary thermo physical properties in this paper are density, viscosity, specific heat and thermal conductivity. In this paper, density (ρ nf ) and special heat capacity (C pnf ) of CuFe 2 O 4 /Water nanofluids have been calculated based on empirical correlations proposed by and Xuan [15] as follows: By assuming that the nanoparticles are well dispersed within the base fluid, i.e. the particle concentration can be considered uniform throughout the system; the effective physical properties of the mixtures studied can be evaluated using some classical formulas [c, d] as usually used for two phase flow. These relations have been used to predict nanofluids physical properties like density, specific heat, dynamic viscosity and thermal conductivity at different temperatures and concentrations.
(1 )
Where, n is empirical shape factor given by n= 3/ψ, and ψ is the particle sphericity, defined as the ratio of the surface area of a sphere with volume equal to that of the particle, to the surface. It is obvious that the addition of small amount of nanoparticles can change more or less all the physical properties of the base fluid.
Mathematical formulation for heat transfer in nanofluids
Thermal performances of a radiator using nanofluids can be calculated using following equations (1) J G C h (13) Where, μ a = 0.00001846 Ns/m2 at 300 K.
Nanofluids side calculations
The parameters needed for nano-fluid side calculation are nano-fluid heat transfer coefficient, nano-fluid heat capacity rate, heat exchanger effectiveness for cross-flow unmixed fluid, heat transfer coefficient based on air side, pressure drop, pumping power and total heat transfer rate. 1. Heat transfer co-efficient can be expressed as Eq.
,
K nf can be obtained by correlation (4) 21), where wall resistance and fouling factors are neglected.
4. Total heat transfer rate can be expressed as Eq. (23) min , ,
Where f is nanoparticle volume concentration and ρ p , ρ bf and C p,p , C bf are the densities and the specific heats of the nanoparticles and base fluid, respectively.
6.Results and Discussions:
6.1 Influence of volume fraction of ZnFe2O4 particles to thermal performance of an automobile radiator
In the present paper thermal performance of the Automobile radiator at constant air Reynolds number (84.4x10 fig. 3 . This improvement is calculated using Eq. (33). It can be deduced that effectiveness of the radiator is increased with the application of nanofluids. However the percentage of effectiveness does not increase substantially, although the improvement of overall heat transfer coefficient is significant.
Influence of air Reynolds number on thermal performance of a radiator
Nanofluids with higher ZnFe 2 O 4 volume fraction generates higher overall heat transfer coefficient than that of a base-fluid. Same scenario happened for heat transfer rate where it is proportional to air Reynolds number as shown in fig 4. About 70% of heat transfer improvement can be achieved with addition of 1% ZnFe 2 O 4 particles at 91.3x10 3 and 39.5x10 3 Reynolds number for air and coolant respectively. Based on the overall heat transfer coefficient and heat transfer rate improvement, percentage reduction of air frontal area can be estimated, at these Reynolds numbers. Percentage improvement of heat transfer rate increases with air Reynolds number. Although results indicated that higher air Reynolds number leads to better heat dissipation process, design of the radiator must ensure the engine operation at optimum temperature. Driving conditions or its speed and engine load must be considered. For instance, car's engine needs to operate at higher load when driving up hill and at the same time air Reynolds number is low due to lower air velocity. Hence, there is possibility for engine to get overheated at this condition. However when driving downhill, an engine only requires operating at lower load and at the same time high air Reynolds number is observed. Eventually engine might be overcooled. Therefore, these aspects must take into consideration when designing automobile radiator. . Coolant mass flow rate plays vital role in determining the radiator's thermal performance. Engine might be overcooled or overheated if coolant mass flow rate is not properly controlled. The main function of a radiator is to ensure that engine is operating at optimum temperature by not only controlling the air Reynolds number but also mass flow rate. With increase in the mass flow rate of the coolant flowing through automobile radiator, it increases coolant Reynolds number .Overall heat transfer coefficient based on air side is increased with mass flow rate of the coolant flowing through radiator as shown in Fig. 6 . The magnitude of this property for nanofluids is higher than that of a base-fluid. Therefore, heat transfer area reduction for the same value of overall heat transfer coefficient can be achieved by using nanofluids. Heat transfer enhancement was also observed with mass flow rate of the coolant.
For instance, with the addition of 1% ZnFe 2 O 4 particles, 78% improvement of heat transfer rate has been achieved at 84.4x10 3 and 39.5x10 3 Reynolds number for air and coolant respectively. It is also observed that the percentage of improvement is decreased with decrease of coolant Reynolds number. Fig. 7 shows heat transfer rate of a radiator using nanofluid is higher than that of a radiator using mixture of water +EG (50% volume concentration). 
Conclusions
d) The above work was based on the previous work done by Bhogre et al. [16] . e) Heat transfer rate is increased with increase in volume concentration of nanoparticles (ranging from 0% to 1.5%). About 78% heat transfer enhancement was achieved with addition of 1% ZnFe 2 O 4 particles at 84.4x10 3 air Reynolds number and constant mass flow rate (0.03 [Kg/s]). f) Thermal performance of a radiator using nanofluid or mixture ethylene glycol water (50% Volume concentrations) coolant is increased with air Reynolds Number. About 60 % increment in the total heat transfer and overall heat transfer coefficient based on the air side at constant mass flow rate (0.09 [Kg/s]) and variable air Reynolds number (84.4-91.3x10 3 ). Overall heat transfer also increases with increase in mass flow rate of mixture.
